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2012-­‐13	  General	  Education	  Assessment	  
	  
Students	  performance	  in	  General	  Chemistry	  I	  (CHEM	  1101)	  and	  General	  Chemistry	  II	  (CHEM	  1102)	  
courses	  was	  done	  by	  1)	  analysis	  of	  ALEKS	  online	  homework	  in	  one	  lecture	  section	  of	  CHEM	  1101,	  2)	  
Analysis	  of	  student	  performance	  on	  multiple	  choice	  questions	  designed	  to	  measure	  how	  well	  they	  
learned	  material	  from	  the	  lab	  segment	  of	  the	  course	  from	  the	  other	  CHEM	  1102	  lecture	  sections,	  and	  3)	  
assessment	  of	  work	  done	  by	  CHEM	  1102	  laboratory	  based	  on	  twice-­‐per-­‐semester	  open-­‐laboratory-­‐	  
notebook	  quizzes.	  	  Some	  results	  from	  a-­‐chem	  are	  included	  too.	  
	  
Some	  topics	  that	  seem	  to	  need	  attention	  are	  simple	  chemical	  reactions,	  thermochemistry,	  and	  
spectroscopy	  in	  CHEM	  1101	  and	  rate	  laws	  and	  electrochemistry	  in	  CHEM	  1102.	  
	  	  
Chemistry	  1101	  –	  General	  Chemistry	  I	  
	  
Chem	  1101	  satisfies	  the	  Physical	  and	  Biological	  Sciences	  (Sci-­‐L)	  requirement	  of	  the	  60	  credit	  General	  
Education	  requirement	  for	  your	  degree	  completion.	  	  The	  objective	  of	  this	  requirement	  is	  to	  increase	  
students’	  understanding	  of	  the	  physical	  and	  biological	  worlds	  and	  to	  gain	  exposure	  to	  the	  use	  of	  scientific	  
methods.	  
	  
Students’	  understanding	  was	  assessed,	  in	  part,	  with	  ALEKs	  –	  an	  online	  assessment	  tool.	  	  ALEKS	  
(Assessment	  and	  LEarning	  in	  Knowledge	  Spaces)	  is	  a	  web-­‐based,	  artificially	  intelligent	  assessment	  and	  
learning	  system.	  	  The	  program	  was	  used	  to	  assess	  and	  reassess	  students’	  knowledge	  of	  important	  CHEM	  
1101	  topics	  and	  concepts.	  
	  
There	  are	  two	  “modes”	  in	  ALEKS:	  the	  Assessment	  Mode	  and	  the	  Learning	  Mode.	  In	  the	  Learning	  Mode,	  
students	  complete	  “Objectives”	  designed	  by	  the	  instructor.	  	  An	  ALEKS	  Objective	  contains	  a	  list	  of	  topics	  
relevant	  to	  the	  current	  lecture	  discussions	  and	  assigned	  reading.	  Once	  students	  consistently	  get	  the	  
problems	  for	  a	  given	  topic	  correct,	  ALEKS	  considers	  that	  he/she	  has	  learned	  the	  topic,	  and	  the	  student	  
may	  then	  choose	  another	  topic	  to	  learn.	  
	  
A	  total	  of	  10	  “Objectives”	  (or	  “Units”)	  were	  created	  in	  the	  course.	  	  The	  results	  for	  Fall	  2012	  (based	  on	  
one	  section	  of	  105	  students)	  are	  as	  follows:	  
Objective	  One	   	   	   96%	  Mastered	   	  
Objective	  Two	   	   	   90%	  Mastered	  
Objective	  Three	  	   	   88%	  Mastered	  
Objective	  Four	   	   	   70%	  Mastered	  
Objective	  Five	   	   	   44%	  Mastered	  
Objective	  Six	   	   	   52%	  Mastered	  
Objective	  Seven	  	   	   69%	  Mastered	  
Objective	  Eight	   	   	   70%	  Mastered	  
Objective	  Nine	   	   	   68%	  Mastered	  
Objective	  Ten	   	   	   61%	  Mastered	  
	  
These	  results	  suggest	  that	  concepts	  present	  in	  Objectives	  Five	  and	  Six	  were	  problematic	  based	  on	  low	  
levels	  of	  mastery.	  	  To	  gain	  more	  insight	  into	  this	  data,	  we	  analyzed	  specific	  mastery	  topics/concepts:	  
	  
Math	  and	  Algebra	   	   97%	  Mastered	   	  
Measurement	   	   	   96%	  Mastered	  
Matter	   	   	   	   92%	  Mastered	  
Atoms,	  Ions	  and	  Molecules	   89%	  Mastered	  
Stoichiometry	   	   	   72%	  Mastered	  
Simple	  Reactions	   	   45%	  Mastered	  
Thermochemistry	   	   51%	  Mastered	  
Electronic	  Structure	   	   69%	  Mastered	  
Chemical	  Bonding	   	   67%	  Mastered	  
Advanced	  Material	   	   27%	  Mastered	  
These	  results	  show	  that	  Simple	  Reactions,	  Thermochemistry,	  and	  Advanced	  Material	  provided	  the	  most	  
difficulty	  for	  students.	  	  As	  a	  result	  of	  this	  data,	  we	  were	  able	  to	  look	  at	  specific	  questions	  within	  these	  
categories	  that	  had	  low	  levels	  of	  mastery.	  	  Based	  on	  these	  assessment	  data,	  changes	  will	  be	  made	  to	  the	  
course	  to	  improve	  student	  learning:	  additional	  examples	  will	  be	  worked	  in	  lecture	  and	  problems	  will	  be	  
provided	  as	  homework	  to	  improve	  mastery	  of	  these	  topics.	  	  For	  example,	  within	  the	  topic	  of	  Simple	  
Reactions,	  the	  following	  specific	  topics	  will	  be	  more	  fully	  addressed:	  
	  
Writing	  the	  half-­‐reactions	  of	  a	  metal-­‐nonmetal	  reaction	  
Writing	  the	  half-­‐reactions	  of	  a	  single-­‐displacement	  reaction	  
Predicting	  the	  products	  of	  the	  reaction	  of	  a	  strong	  acid	  with	  water	  
	  
In	  the	  Assessment	  Mode,	  ALEKS	  asks	  students	  questions	  designed	  to	  determine	  what	  each	  student	  
knows	  and	  what	  skills	  they	  have.	  	  The	  first	  time	  a	  student	  logs	  into	  ALEKS	  he/she	  is	  automatically	  placed	  
in	  the	  assessment	  mode	  to	  complete	  an	  Initial	  Assessment	  of	  their	  knowledge	  of	  chemistry	  and	  math.	  	  
At	  the	  end	  of	  the	  course,	  a	  student	  completes	  a	  final	  assessment.	  	  Results	  of	  the	  initial	  and	  final	  
assessments	  are	  found	  below:	  
	  
	   	   	   Assessment	   	   	   Average	  Student	  Mastery	  (%)	   	   	  
Initial	  Assessment	   	   	   	  	  	  	  	  19%	  
Final	  Assessment	   	   	   	  	  	  	  	  80%	  
	  
These	  data	  show	  that	  although	  students	  came	  into	  the	  course	  with	  some	  mastery	  of	  the	  material,	  much	  
of	  the	  material	  was	  mastered	  as	  a	  result	  of	  taking	  this	  course	  and	  the	  activities	  related	  to	  the	  course.	  	  	  
	  
	   	  
Assessment	  of	  General	  Chemistry	  Lab	  based	  on	  multiple-­‐choice	  questions	  given	  in	  lecture.	  
	  
In	  a	  second	  CHEM	  1101	  general	  chemistry	  lecture	  section	  of	  104	  students	  exam	  questions	  were	  
designed	  to	  measure	  content	  from	  the	  laboratory	  section	  of	  the	  course	  that	  was	  retained	  by	  students.	  	  	  
	  
These	  questions	  on	  each	  test	  are	  shown	  below.	  
	  
TEST	  1:	  	  Class	  average	  was	  73%	  
What	  is	  the	  density	  of	  a	  piece	  of	  metal	  that	  displaces	  1.54	  mL	  of	  water	  and	  has	  a	  mass	  of	  12.120	  
g?	  
a. 0.127	  g/cm3	  
b. 1.27	  g/cm3	  
c. 18.7	  g/cm3	  
d. 7.87	  g/cm3	  
e. 7.9	  g/cm3	  
92.38%	  of	  105	  students	  answered	  this	  question	  correctly.	  
	  
TEST	  2:	  	  Class	  average	  was	  80.5%	  
1. The	  picture	  on	  the	  left	  shows	  the	  result	  of	  a	  thin	  layer	  chromatography	  experiment	  with	  
aspirin	  (A),	  Excedrin	  (E),	  and	  acetaminophen	  (T),	  dotted	  on	  the	  same	  slide.	  	  The	  slide	  on	  
the	  right	  shows	  Excedrin	  (E)	  dotted	  with	  ibuprofen	  (I)	  and	  an	  unknown	  (U).	  	  	  What	  is	  the	  
identity	  of	  the	  unknown?	  
	  
a. aspirin	  	  	  	  	  
b. acetaminophen	  	  
c. Excedrin	  
d. ibuprofen	  
e. caffeine	  
	  
	  
91.26%	  of	  103	  students	  responded	  correctly.	  
	  
2. Calcium	  carbonate	  in	  a	  1.298	  g	  antacid	  tablet	  reacts	  with	  excess	  hydrochloric	  acid	  to	  
produce	  0.154	  g	  or	  carbon	  dioxide	  according	  to	  the	  equation	  below.	  
	  
CaCO3	  (s)	  +	  2	  HCl	  (aq)	  →	  CaCl2	  (aq)	  +	  CO2	  (g)	  +	  H2O	  (l)	  
	  
What	  percent	  calcium	  carbonate	  by	  mass	  was	  the	  tablet?	  	  Choose	  the	  correct	  answer	  
with	  correct	  significant	  figures.	  	  
a. 33.4	  %	  	  	  	  	  b.	  	  33	  %	  	  	  	  	  	  	  c.	  	  27.0	  %	  	  	  	  	  	  	  d.	  	  13.0	  %	  	  	  	  	  	  	  	  	  	  	  	  	  e.	  	  	  100.	  %	  
	  
63.11%	  of	  103	  students	  responded	  with	  the	  correct	  choice,	  c.	  
	  
3. An	  unknown	  solid	  is	  found	  to	  have	  a	  melting	  range	  from	  127.1	  oC	  to	  129.3	  oC.	  	  	  It	  
dissolves	  slightly	  in	  water	  and	  completely	  in	  ethanol	  but	  does	  not	  dissolve	  in	  
hexanes.	  	  	  What	  is	  the	  identity	  of	  the	  solid	  based	  on	  the	  information	  in	  Table	  1	  
above?	  	  
a. Acetanilide	  
b. 2-­‐Thiophenecarboxylic	  acid	  
c. Biphenyl	  
d. Acetamide	  
e. Benzamide	  
	  
98.06%	  of	  103	  students	  responded	  with	  the	  correct	  choice,	  e.	  
	  
4. Based	  on	  the	  TLC	  plate	  depicted	  below	  the	  respective	  Rf	  values	  for	  ibuprofen	  and	  
caffeine	  are	  	  
	  	  
a. 0.92	  and	  0.44	  
b. 1.1	  and	  2.3	  
c. 2.1	  and	  .48	  
d. 4.8	  cm	  and	  2.3	  cm	  
e. 5.2	  cm	  and	  2.3	  cm	  
	  
	  
	  
	  
87.38%	  of	  103	  students	  responded	  with	  the	  correct	  choice,	  e.	  
	  
TEST	  3:	  	  Class	  average	  was	  71%	  
	  
1. A strip of magnesium metal is placed in hydrochloric acid.  Make the 
correct prediction by using the activity series. 
a. No reaction 
b. Mg (s) + 2 HCl (aq) à MgCl2 (aq) + H2 (g) 
c. MgCl2 (aq) + H2 (g) à Mg (s) + 2 HCl (aq) 
d. Mg (s) + 2 HCl (aq) à MgH2 (aq) + Cl2 (g) 
e. Mg (s) + 2 HClO (aq) à MgCl2 (aq) + H2 (g) + O2 (g) 
88.78%	  of	  98	  students	  responded	  with	  the	  correct	  choice.	  
	  
2. From the balanced equation we know that two moles vanillin (152.149 
g/mol) reacts with two moles of triethylamine (d = 0.726 g/mL, FW 
=101.191 g/mol) and one mole of oxalyl chloride (d = 1.455 g/mL, FW = 
126.926 g/mol) to yield one mole of divanillyl oxalate (358.304 g/mol) and 
two moles of a chloride salt.   
 
 If 0.302 g of vanillin in toluene are reacted with 0.750 mL of triethyl amine and 
235 µL of oxalyl chloride and 0.285 g of dry divanillyl oxalate are recovered, 
the limiting reactant, theoretical yield, and percent yield are 
 
 
 
 
 
	   	   	   78.57%	  of	  98	  students	  answered	  this	  question	  correctly.	  	  
	  
3. Three test tubes, with no labels are in a test tube rack on the laboratory 
bench.  Lying beside the test tubes are three labels: KI (aq), AgNO3 (aq), 
and Na2S (aq).  When a portion of test tube 1 is added to a portion of test 
tube 3 a yellow silver iodide precipitate is formed.  A portion of test tube 2 
is added to test tube 3 and a black precipitate, silver sulfide, is formed how 
should the test tubes be labeled?  
a. test tube 1 = Na2S (aq), test tube 2 = KI (aq), test tube 3 = AgNO3 (aq) 
b. test tube 1 = KI (aq), test tube 2 = AgNO3 (aq), test tube 3 = Na2S (aq) 
c. test tube 1 = Na2S (aq), test tube 2 = AgNO3 (aq), test tube 3 = KI (aq) 
d. test tube 1 = KI (aq), test tube 2 = Na2S (aq), test tube 3 = AgNO3 (aq) 
e. test tube 1 = AgNO3 (aq), test tube 2 = Na2S (aq), test tube 3 = KI (aq) 
80.61% of 98 students answered this question correctly. 
 
4. Which is the result when NaOH (aq) and MgCl2 (aq) solutions are mixed? 
a. No reaction 
b. Ammonia gas turns moist red litmus paper held above the reaction mixture blue. 
c. Mg(OH)2 (s) forms as a cloudy precipitate  
d. Cl2 (g) gas is evolved 
e. NaCl (s) precipitate forms 
  79.59% of 98 students answered this question correctly. 
 
a. Vanillin, 0.355 g, and 80.3 % respectively. 
b. Triethyl amine, 0.964 g, and 29.6 % respectively. 
c. Oxallyl chloride, 0.965 g, and 29.5 % respectively. 
d. Vanillin, 0.355 g, and 128 % respectively. 
e. Oxallyl chloride, 0.663 g, and 43.0 % respectively. 
5. A mass of 0.4113 g of an unknown acid, HA, is titrated with NaOH. If the 
acid reacts with 28.10 mL of 0.1055 M NaOH(aq), what is the molar mass 
of the acid? 
a. 2.965 ´ 10–3 g/mol 
b. 9.128 g/mol 
c. 138.7 g/mol 
d. 337.3 g/mol 
e. 820.7 g/mol 
 
84.69% of 98 students answered this question correctly. 
6. A 25.00 mL sample of NaOH is titrated with 26.14 mL of 0.1750 M HCl 
(aq). What is the concentration of the NaOH solution? 
a. 1.995 x 10-4 M 
b. 0.09149 M 
c. 0.1830 M 
d. 0.1674 M 
e. 0.08945 M 
84.69% of 98 students answered this question correctly. 
 
TEST 4:  Class average was 76% 
1. Cranberry	  juice	  has	  a	  red	  color.	  	  Which	  of	  the	  following	  statements	  are	  true?	  
I. Cranberry	  juice	  absorbs	  red	  light.	  
II. Cranberry	  juice	  absorbs	  green	  light.	  
III. Cranberry	  juice	  transmits	  red	  light.	  	  
a. Only	  statement	  I	  is	  true.	  
b. Only	  statement	  II	  is	  true	  
c. Only	  statements	  III	  is	  true.	  
d. Statements	  I	  and	  II	  are	  true	  and	  statement	  III	  is	  false.	  
e. Statements	  II	  and	  III	  are	  true	  but	  statement	  I	  is	  false.	  
 
85.29% of 102 students answered this question correctly. 
2. Energy	  from	  the	  reaction	  of	  an	  oxalate	  ester	  with	  hydrogen	  peroxide	  is	  transferred	  to	  a	  rubrene	  
dye	  molecule	  placing	  it	  into	  an	  electronic	  excited	  state.	  	  The	  excited	  electron	  in	  the	  dye	  
molecule	  relaxes	  down	  to	  the	  ground	  electronic	  state.	  	  	  	  Which	  statement	  is	  FALSE?	  
	  
a. The	  rubrene	  dye	  molecule	  absorbs	  a	  photon	  in	  this	  process.	  
b. This	  is	  an	  example	  of	  a	  chemiluminescence.	  	  
c. The	  dye	  molecule	  in	  an	  excited	  electronic	  state	  has	  more	  energy	  than	  in	  its	  ground	  
electronic	  state.	  
d. When	  the	  rubrene	  dye	  molecule	  relaxes	  from	  an	  excited	  electronic	  state	  to	  the	  ground	  
electronic	  state	  a	  photon	  is	  released.	  
e. Emissions	  spectroscopy	  can	  be	  used	  to	  study	  this	  process. 
	  
47.06% of 102 students answered this question correctly. 
 
3. Possible	  energies	  of	  an	  electron	  in	  a	  hydrogen	  atom	  are	  –Rhc/n2,	  where	  n,	  the	  principle	  
quantum	  number,	  is	  a	  positive	  integer	  and	  Rhc	  =	  2.179	  x	  10-­‐18	  J.	  	  	  When	  the	  electron	  jumps	  from	  
the	  state	  with	  n	  =	  5	  to	  the	  state	  with	  n	  =	  2	  
	  
a. the	  electron	  loses	  energy	  by	  emitting	  a	  photon	  with	  wavelength	  434.1	  nm.	  	  
b. the	  electron	  gains	  energy	  by	  emitting	  a	  photon	  with	  wavelength	  -­‐434.1	  nm.	  	  
c. the	  electron	  loses	  energy	  by	  absorbing	  a	  photon	  with	  energy	  4.576	  x	  10-­‐19	  J.	  
d. the	  electron	  gains	  energy	  by	  absorbing	  a	  photon	  with	  energy	  4.576	  x	  10-­‐19	  J.	  
e. the	  electron	  loses	  energy	  by	  absorbing	  a	  photon	  with	  energy	  -­‐4.576	  x	  10-­‐19	  J.	  
 
38.24% of 102 students answered this question correctly. 
 
4. A	  student	  wearing	  lab	  goggles	  dilutes	  100.	  mL	  of	  a	  4.26	  x	  10-­‐5	  M	  aqueous	  solution	  of	  capsaicin	  
to	  the	  mark	  in	  a	  250.	  mL	  volumetric	  flask.	  	  	  What	  is	  the	  molarity	  of	  the	  diluted	  capsaicin	  
solution?	  	  
a. 1.70	  x	  10-­‐5	  M	  
b. 1.07	  x	  10-­‐4	  M	  
c. 9.39	  x	  104	  M	  
d. 5.89	  x	  105	  M	  
e. 3.04	  M	  
f. 2.50	  x	  10-­‐5	  M	  
 
85.29% of 102 students answered this question correctly. 
 
 
Summary of Learning in General Chemistry Laboratory as assessed by multiple-choice 
questions on tests given in General chemistry lecture. 
1. Students’ did better on questions based on laboratory were better than there 
overall average on the test. 
2. Students did better on answers based on qualitative tests performed in the lab 
than they did on questions based on quantitative calculations performed in the 
lab. 
3. Students’ performance on questions based on quantitative computations 
performed in the lab improved during the semester. 
4. Students did far worst on questions related to spectroscopic experiments 
performed in the lab.  Clearly this should be a focus of attention.  
	  
SCI-L Assessment – Lab Focus – Chem 1102 and 3101  
Physical and Biological Sciences: To increase students’ understanding of the structure and 
dynamics of the physical and biological worlds, and of the scientific method. 
Chem 1102 
Final Exam:  Standardized ACS (American Chemical Society) Exam for Second Semester Gen 
Chem.  Several Questions tie directly to lab experiments or procedures. These were also tested 
on prelabs and mid semester lab exams. Exact questions cannot be disclosed. 
There is a prelab quiz on Moodle which is due at noon on Monday for the lab being performed 
that week.  This ensures that the students have thought about the theory, done some background 
reading and/or run calculations on sample data before doing the experiment.  In a typical week 
95% of students (~150) had the prelab done on time. 
Each lab begins with a prelab lecture to reinforce the chemistry and demo particular 
procedures/equipement. 
Twice during the semester the students are given an ‘open notebook’ quiz to test whether they 
are keeping good notebooks and understanding the chemistry of the labs.  
1) Questions related to Exp 6 -- Rate Laws  – 46.5%/37;  Prelab 6 Q 2 – 95.0% ; Lab Quiz 1 
Q 10 
2) Question related to molarity calc – 73.6%72.5; Prelab 10 Q 1 – 73.8% 
3) Question related to titration Exp 8. Titration Curve SA and SB – 72.2%63.4; Prelab 8 Q 1 
– 65.9% ; Lab Quiz Q3 
4) Question related to electrochemisty Exp 12 Std. Red. Pot.– 48.6%58.6; Prelab 
background reading 
5) Questions related to safety/procedure  – 77.7%/62.6, – 79.2%/57.1; Syllabus and day one 
lab presentation 
Chem 3101 
Final Exam:  Standardized ACS (American Chemical Society) Exam for Analytical Chem.  
Several Questions tie directly to lab experiments or procedures. These were also tested on 
prelabs and mid semester lab exams. Exact questions cannot be disclosed. 
Each lab begins with a prelab lecture to reinforce the chemistry and demo particular 
procedures/equipement. 
Twice during the semester the students are given an ‘open notebook’ quiz to test whether they 
are keeping good notebooks and understanding the chemistry of the labs. 
1) Question 3 related to Spectroscopy labs 46.4%/32.8 
2) Question 10 about lab equipment 78.6%/58.3 
3) Question 11 about lab chemicals 96.4%/82.8 
4) Question 12 about dilution 75.0%/59.7 
5) Question 14 about EDTA 64.3%/62.1 
6) Question 22 about weak acid titration 57.1%/43.2 
7) Question 23 about buffers 53.6%/31.7 
8) Question 40 about spec iron 78.6%/79.3 
	  
